
i 

 

 

Recover Heat from Boiler Blowdown Water  

  
 

 
  

 

 

 

Prepared for California Energy Commission (CEC) 

 

 

Prepared By: 

 

Southern California Gas Company  

(A Sempra Energy Utility)  

 

E3M Inc. 

 

 

May 2012  



ii 

 

Disclaimer 

The CEC and its contractor, Southern California Gas Company and subcontractor E3M Inc. has 

made reasonable efforts to ensure all information is correct.  However, neither The CEC’s, 

Southern California Gas Company’s or E3M Inc.’s publication nor verbal representations thereof 

constitutes any statement, recommendation, endorsement, approval or guaranty (either express or 

implied) of any product or service.  Moreover, The CEC, Southern California Gas Company, or 

E3M Inc. shall not be responsible for errors or omissions in this publication, for claims or 

damages relating to the use thereof, even if it has been advised of the possibility of such 

damages.    

Executive Summary 

This calculator tool can be used to estimate annual energy savings, cost (US dollars) savings, and 

reductions in CO2 emissions through recovering heat from boiler blow down water by using 

sensors and control technology to maintain steam drum water quality. Blowdown water heat 

recovery includes several steps to reduce and control blow down water quantity.  A separate 

calculator tool is available to estimate savings achievable through the increased control and a 

reduction in boiler feed water throughput.  The heat recovery step (the focus of this tool) is an 

additional measure to reduce energy consumption in boilers. Recovery of heat from blow down 

water can substantially reduce energy losses, due to the amount of heat contained within 

blowdown liquid at the steam generation pressure.  

This tool allows the user to calculate energy saving associated with recovering heat from boiler 

blowdown. A portion of the heat within the blowdown liquid is recovered as flash steam that 

resulting from the change in pressure from generation pressure to a lower pressure. Additional 

heat recovery is attained when sensible heat of the blowdown liquid (water) is recovered using a 

heat exchanger. A typical system is shown in Exhibit 1 below.  Details of operation of this type 

of system are given in a later section.   

 

Exhibit 1: Typical boiler blowdown heat recovery system (courtesy Spirax Sarco)  

The calculator estimates the annual energy savings in terms of millions of British Thermal Units 

(MMBtu/year).  It also estimates the energy cost reduction by using the given cost of fuel, the 
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typical consumption of the boiler, and the number of operating hours per year. Additionally, this 

calculator gives the reduction of CO2 emissions (products of combustion) due to blowdown heat 

recovery.   

The primary objective of this calculator is to identify energy savings potential in industrial 

heating operations to make a go / no go decision on further detailed engineering and economics 

analysis.  The user is required to give data for several operating parameters that can be measured 

or estimated from normal operating conditions using available records.  All data should be 

collected at typical or average unit operating conditions.    

Calculator results should be considered preliminary estimates of energy savings potential and a 

starting point for more detailed technical and economic analysis. The accuracy of the calculator’s 

results is expected to be within ±5 percent.   

Note to the user of this calculator Tool 

Use of this tool requires knowledge and operation of boilers.  The user is referred to several 

training programs and references quoted at the end of his document for further information on 

the available resources for getting trainings that would provide additional knowledge for the 

subject matters discussed in this document.  
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1. Description of the subject area  

This technical guide describes a calculator tool that will allow a user estimate annual energy 

(fuel) savings, reductions in CO2 emissions, and energy cost savings ($/year) with use of a boiler 

blow down water heat recovery system for boiler. Boiler blow down heat recovery can result in 

substantial savings in energy use for the boiler and other associated costs. 

The generation of steam in boiler requires feed water. Feed water is often a mixture of returned 

condensate and treated make up water.  In spite of all economically justifiable efforts of treating 

feed water, a small amount of dissolved solids (TDS) are contained in the feed water.  The TDSs 

accumulate in boiler when water is evaporated to generate steam.  It is common practice to 

discharge or release a small amount of water from the boiler steam drum to reduce the dissolved 

solids level and eliminate deposits of solids in the steam drum.  Many boilers allow for the 

continuous water discharge (blow down) of water to manage dissolved solids levels.  The 

blowdown rate can range from less than 1% when using extremely high-quality feed water to 

greater than 20% in a system with poor-quality feed water. Makeup water contains a substantial 

percentage of total heat input for the boiler.  In many cases, the water and its heat content are 

sent directly to the drain, resulting in the wasting of energy and water.   

Many newer boiler models are equipped with boiler blow down control systems which aims to 

reduce the blow down rate while maintaining a safe level of TDS within the boiler.  In this case, 

while the amount of blow down is controlled, it is beneficial to recover heat from the blowdown.  

Several heat recovery schemes can be used.  One of the most commonly used systems is shown 

in Exhibit 2 below.   

 

Exhibit 2: Components of a boiler blowdown heat recovery system 

In this system, boiler blowdown water at the steam pressure and corresponding saturation 

temperature is discharged into a flash vessel where the pressure is reduced to a pressure near 

ambient pressure.  This results in generation of flash steam that is taken to the deaerator where it 

is mixed with feed water.  The remaining water at the lower pressure and temperature is passed 
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through a heat exchanger where heat is transferred to treated make up water and raises its 

temperature.  The preheated make up water is also taken to deaerator. The cooled blow down is 

then discharged to drain or used for additional purposes.   

This calculator is used to estimate annual expected energy savings in terms of million British 

thermal units per year (MMBtu/year).  It also estimates the energy cost reduction by using the 

cost of fuel. Additionally, this calculator estimates the reduction in water use and CO2 emissions 

that result from application of blow down heat recovery.      

A brief summary of the important parameters follows:   

Steam production rate – This is the rate of steam generation for the boiler and can be 

determined by using steam flow meters or through other sources such as boiler steam capacity 

and boiler loading.  

Boiler blowdown rate in terms of percentage of steam production – This is a value based on 

the current value(s) of the boiler blow down rate for each boiler.  This value can range between 

1% and 8% depending on current practices, water quality etc.  If this value is unknown, then it is 

suggested that you u conduct a “sensitivity” analysis or contact the boiler supplier, a reputable 

boiler blowdown control equipment supplier, or water treatment company representative.   

Boiler operating conditions – This includes boiler (steam) pressure in psig, feed water 

temperature in (
O
F), and makeup water temperature in (

O
F).  This information can be obtained 

from boiler records.  

Blowdown recovery system parameters – These include flash tank pressure and estimated 

temperature (
O
F) of water discharged from the system.  

Boiler efficiency (%) – This should be obtained from the boiler supplier, operating manual or 

estimate based on current operating conditions.  Depending on the boiler design and operating 

conditions the value can vary from 65% to 85% for most commonly used boilers.    

Number of operating hours (hours/year) – The number of hours for which the equipment is 

operated.  This should be based on a recent 12-month period. 

Cost of fuel – The average fuel cost ($/MM Btu) based on the historical records and, if possible, 

future projected cost based on contacts with the energy supplier.  

2. Impact of boiler blowdown water heat recovery on energy savings 
and CO2 emissions 

This calculator allows a user to estimate energy (fuel) savings that can be achieved by recovering 

heat from boiler blowdown in addition to the reduction of CO2 emissions. All commonly used 

fossil fuels such as natural gas result in the formation of CO2.  The amount of CO2 emissions 

reduced is directly proportional to the reduction in natural gas use.  In many cases, proper 

blowdown heat recovery will result in reduction of water use and other related cost savings.    

The energy savings can vary from 0.5% for well run boilers to 1.5% in cases where the water 

quality is not maintained properly. Annual energy cost savings depend on the cost of energy, 

expressed as US dollars per MM Btu. The exact value of savings can be estimated by using this 

calculator.  
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The CO2 savings are directly related to energy savings.  According to U.S. Environmental 

Protection Agency (EPA) estimates (Reference 5), the combustion of natural gas used in USA 

produces 116.39 lbs. of CO2 per MM Btu heat input.  For convenience, most calculations use 117 

lbs CO2 emission per MM Btu heat input from natural gas.  If the natural gas composition is 

available, it is advisable to carry out detailed combustion calculations to estimate value that is 

more accurate for the CO2 produced by the combustion of natural gas.  Reduction in CO2 

emissions is calculated by using the value of reduction in energy (fuel) used for the furnace.  

3. Discussion on the technical approach and the calculations 

Heat recovery from boiler blowdown will result in energy savings while maintaining the desired 

steam quality for the boiler.  The annual energy savings (MM Btu/year) is due to added heat 

within the deaerator, reducing steam consumption due to increased feed water temperatures.   

Boiler blowdown contains a significant amount of energy which, without a heat recovery system, 

is wasted.  

There are several methods available to recover heat from boiler blow down. The most commonly 

used method combines the generation of flash steam in a flash tank with a high efficiency heat 

exchanger to reduce the temperature of blowdown water.  In most cases the blowdown is 

discharged at a temperature 10
0
F to 20

0
F higher than the makeup water temperature. Boiler 

systems that do not have heat recovery equipment and have high blowdown rates offer the 

greatest energy-savings potential.  

The blowdown water heat recovery system generates flash steam due to a difference in enthalpy 

(total heat content of steam) at higher (blowdown) pressure and lower (flash) steam pressure.   

Amount of flash steam is calculated by using following equation. 

 

Where   = Enthalpy or heat content of blowdown water at boiler pressure 

  = Enthalpy or heat content of blowdown water at flash tank pressure 

  = Latent heat of steam at flash tank pressure 

Amount of flash steam is represented as expressed as Btu/lb of blowdown water.  

Heat recovered, given by  is equal to –  Btu/lb of boiler blow down water.  

Due to high energy content of latent heat compared to sensible heat in blowdown water, only a 

portion of the total mass of water is converted into steam.  This steam is taken to the deaerator 

where it mixes with feed water and supplies heat to feed water in the deaerator tank. The 

remaining water retained in the flash tank is at the flash tank pressure and corresponding water 

saturation temperature ( ).  This water still contains recoverable heat that can be used to 

preheat make up water going to the deaerator tank.  A heat exchanger, usually a shell and tube 

design, is used to transfer heat to the makeup water that enters at near ambient temperature.  The 

water exiting this heat exchanger is, in most cases, only 10 to 20°F hotter than the makeup water 

temperature.  The water discharge temperature from the heat exchanger is represented as 

and heat transferred to feed water is calculated as . 
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Where    = specific heat of water, which is equal to 1.0   

Total heat recovered is equal to    

Value of and mass of blowdown water per day ( is used to calculate total heat 

recovered per day.   

The heat recovered from boiler blow down is transferred to the feed water and can be considered 

as “load” preheating.  This reduces the total heat requirement in the boiler.  The actual reduction 

in boiler energy use is calculated as follows. 

 

 = Energy savings resulting from blowdown heat recovery   

= Mass flow rate (lb./day) of blowdown water.  

  = Boiler efficiency expresses as ratio of heat content of steam generated per hour 

and heat input to the boiler. This value can range from 65% to 85%. 

Annual savings (in ) are calculated by using value of savings per day, annual operating 

days, and converting Btu to MM Btu. .  

Cost savings are calculated by multiplying annual savings and cost of fuel expressed as . 

CO2 savings are based on 117 lb of CO2 generated when one MM Btu of natural gas is 

combusted. 

4. Instruction on use of the calculator 

The following list summarizes the user inputs that are required.  The user should collect this 

information before using this calculator tool.  

 Company name, plant location and address 

 Customer name and contact information  

 Heating equipment description (where the energy-saving measure is applied)  

 Equipment type (furnace, oven, kiln, heater, boiler) 

 Equipment use (e.g., textile drying, aluminum melting, food processing)  

Note that some of this information may be optional for the web-based calculators due to users’ 

concerns about privacy.  

The following input data is required from the user: 

 Steam generation or production (lbs/day)  

 Boiler blowdown rate (% of steam production) 

 Boiler pressure (psig) 

 Feed water temperature to boiler (°F) 

 Make up water temperature (°F) 
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 Flash tank pressure (psig) 

 Heat of blowdown water at boiler pressure (Btu/l.)* 

 Heat of blowdown water at flash pressure (Btu/lb)* 

 Latent heat of steam at flash pressure (Btu/lb)* 

 Heat of makeup water at temperature (Btu/lb)* 

 Blowdown water temperature from the recovery heat exchanger (°F) 

 Heat of blowdown water at heat Exch. discharge temperature (Btu/lb)*  

 Boiler efficiency (%)  

 Operating days per year (days/year)  

 Fuel cost ($/MM Btu)  

* Note: Obtain these values from Steam Tables.  

 

The calculator gives following results: 

 Boiler blowdown (lb./day)  

 Feed water (steam + blowdown) lb./day  

 Makeup water 

 % flashed steam and flashed steam available (lbs./day) 

 Heat savings in flashed steam (Btu/day)  

 Heat recovery in heat exchanger (Btu/day)  

 Total heat savings (Btu/day) after accounting for boiler efficiency  

 Energy savings (MM Btu/year)  

 Annual fuel cost savings ($ per year)  

 Total energy cost savings ($/year)  

 CO2 savings (Tons/year)  

Note that the CO2 savings are based on natural gas as the fuel for the heating equipment.  A 

correction factor must be applied if any other fuel is used.  

This calculator requires the following input parameters describing the heating process in order to 

estimate the savings.  Exhibit 3 shows the user information screen and Exhibit 4 shows the 

calculator screen.    
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The first section requires information about the user, equipment, and process. 

 

Exhibit 3: Required information for the calculator user 

Line 1 – Name of the company 

Line 2 – Name or known designation such as “main plant” or “secondary plant” if 

applicable 

Line 3 – Plant address 

Line 4 – Contact name for the plant – This individual is main contact and is responsible 

for collecting and providing the required information.    

Line 5 – Address for the contact person 

Line 6 – Contact phone number and e-mail to be used for all future communications 

Line 7 – Date when the calculations are carried out 

Line 8 – Type of heating equipment – This can be an oven, furnace, boiler, heater, etc.  

This is the heating equipment where data is collected and the given energy 

saving measure is to be applied. 

Line 9 – Process or function for which the heating equipment is used –This can be name 

of the process such as drying, melting, water heating, etc.  

Line 10 – Any additional information that can be useful in application of the results 

 

The second section of the calculator is used for collecting the necessary data and reporting the 

estimated savings.  

Exhibit 4 shows the required data for the calculator. The calculator cells are color coded.  The 

white colored cells are used for user data input while the colored (yellow and light blue or green) 

cells return results of the calculations. The user is not allowed change numbers shown in the 

colored cells.  
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Exhibit 4: Example of calculator inputs and results 

Line 11 – Steam production (lb/day) – Give the average steam production in terms of lbs 

per day.  This should represent average value for operating days over a year or 
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representative period.  

Line 12 – Boiler blow down rate - (% of steam production) – Give measured or 

calculated value of boiler water blow down as % of steam production given in 

Line 11.   

Line 13 – Blowdown rate (lb/day) – This is a calculated value based on data given in 

Lines 12 and 13.     

Line 14 – Feed water (steam + blowdown) (lb/day) – This is a calculated value based on 

data given in lines 12 and 13.     

Line 15 – Boiler pressure (psig) – This is the boiler steam generation pressure in psig as.  

In most cases this value should be available on a panel or gage in boiler control 

room.      

Line 16 – Feedwater water temperature (°F) – This is the temperature of feed water 

entering the boiler. This temperature is obtained from a control panel or on-site 

temperature gage.   

Line 17 – Makeup water temperature (°F) – This is the temperature of makeup water 

entering the boiler system.  This water is added to the boiler system to 

compensate for loss of water that is discharged as blowdown water.  

Line 18 – Flash tank pressure (psig) – Expected pressure in flash tank where blowdown 

water is collected.  This is usually slightly above the ambient pressure.    

Line 19 – Heat of blow down water at boiler pressure (Btu/lb) – This represents heat 

content or enthalpy of blow down water from the boiler as it enters the flash 

tank.  It is obtained from a steam table given as a link to the calculator.  The 

steam table is also given as Appendix 1 for the Technical Guide. Make sure to 

use absolute pressure for looking up values (absolute pressure [psia] = psig + 

14.7) while looking up this value in a steam table.  

Line 20 – Heat of blow down water at flash pressure (Btu/lb) – This represents heat 

content or enthalpy of blow down water in the flash tank. Note that the pressure 

(as given in line 18) is lower than the boiler pressure. The value is obtained 

from a steam table given as a link to the calculator.  The steam table is also 

given as Appendix 1 for the Technical Guide. Make sure to use absolute 

pressure for looking up values (absolute pressure [psia] = psig + 14.7) while 

looking up this value in a steam table.  

Line 21 – Latent heat of vaporization at flash pressure (Btu/lb) – This represents latent 

heat of steam at flash tank pressure. The value is obtained from a steam table 

given as a link to the calculator.  The steam table is also given as Appendix 1 

for the Technical Guide. Make sure to use absolute pressure for looking up 

values (absolute pressure [psia] = psig + 14.7) while looking up this value in a 

steam table. 

Line 22 – % flashed steam – This is a calculated value based on data given in previous 

lines.  Explanation for the calculation method is described in a previous section 

of this guide.  
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Line 23 - Flashed steam available at flash pressure (lb/day) – This is a calculated value 

based on line 22 and line 13.   

Line 24 – Total heat of flashed steam at flash pressure (Btu/lb) – This is calculated value.  

It represents heat content or enthalpy of flash steam in the flash tank. The value 

is sum of latent heat and sensible heat (lines 20 and 21).   

Line 25 – Heat of makeup water (Btu/lb) – This represents heat content or enthalpy of 

makeup water in the flash tank. Note that this value is for ambient pressure. 

Line 26 – Heat available in flashed steam (Btu/lb) – This is difference between line 24 

and 25.  

Line 27 – Heat savings in flashed steam (Btu/day) – This is a calculated value of total 

heat saved per day based on heat available in flash steam (line 26) and the total 

mass of flash steam per day.   

Line 28 – Temperature of flash steam condensate discharged (°F) – The temperature of 

cold blowdown water discharged from the heat recovery exchanger. This should 

be obtained from the supplier or should be assumed as a first approximation to 

be 10
0
F to 20

0
F above the makeup water temperature.   

Line 29 - Heat of blowdown water at heat exchanger discharge temperature (Btu/lb) – 

This represents heat content or enthalpy of cold blowdown water leaving the 

heat exchanger at a temperature given in Line 28 above.  

Line 30 - Heat recovery (Btu/lb) – This is calculated as difference between Line 20 and 

29.  

Line 31 – Blowdown not flashed (%) – This is a calculated value and it represents water 

left in flash tank after flashed steam is produced.  It is difference between 100% 

(total blow down quantity) and % flashed steam. 

Line 32 - Heat savings from heat exchanger (Btu/day) – This is a calculated value based 

on blowdown water passing through the recovery heat exchanger and heat 

recovered in heat exchanger expressed in terms of Btu/day.  

Line 33 - Total heat savings in flashed steam: (Btu/day) – This is a calculated value and it 

represents the sum of heat recovered from blowdown water from flashed steam 

and is expressed in terms of Btu/day.  

Line 34 - Total heat savings: (Btu/day) – This is a calculated value and it represents the 

sum of heat recovered in heat exchanger from blowdown water from the flash 

tank and flashed steam expressed in terms of Btu/day.  

Line 35 – Boiler efficiency (%) –  Boiler efficiency can be calculated by using values of 

energy input or fuel used in the boiler and total heat content of steam produced 

in the boiler.  If it is not possible to get this value, contact the boiler supplier, 

review the boiler operating manual, or use name plate data. If none of this is 

available then you may use nominal value of 70% for a boiler without an 

economizer and 75% for a boiler with an economizer.  Note that this is an 

approximate value and should not be considered as final and accurate.  

Line 36 – Operating days per year (days/year) – Give number of operating days per year 
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for the boiler. 

Line 37 – Fuel cost ($ per MM Btu) – This is the cost of fuel expressed in terms of $/MM 

Btu. The cost should include all charges related to use of fuel at “the burner tip”. 

This value can be obtained from the monthly or annual gas bill or by dividing 

the total annual cost by the annual fuel used. 

 

If necessary, contact the fuel (natural gas) supplier or distributor for more 

information.  

Line 38 – Savings in boiler fuel energy ($/day) – This is calculated by using fuel cost and 

energy savings accounting for boiler fuel efficiency.  

Line 39 - Energy savings (MM Btu/year) – This is a calculated value based on data given 

in Lines 37 and 35 above. 

Line 40 – Annual energy or fuel cost savings ($/year) – This is a calculated value based 

on data given in Lines 36 and 38 above.   

Line 41 - Reduction in CO2 emissions (tons/year) – These savings are calculated based on 

annual fuel savings, assuming the fuel used is natural gas. The savings are in 

Short (US) tons, not in Metric tons. 
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Appendix 1 

Steam Tables  

 

The following link will allow the user to calculate steam 
properties  

 

If necessary please copy and paste this link to your Internet browser 

 

http://www.spiraxsarco.com/us/resources/steam-
tables.asp 

 

 

 

http://www.spiraxsarco.com/us/resources/steam-tables.asp
http://www.spiraxsarco.com/us/resources/steam-tables.asp
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